Stem cells provide an important means for regenerative medicine due to the capacity to generate multiple types of differentiated cells and at the same time to maintain self-renewal. To identify the therapeutic effect of the transplantation of neural stem cells, differentiation and migration capacity of the neural stem cells that were isolated from E14 rat embryo and maintained in culture were examined after transplantation to the striatum of the quinolinic acid (QA)-induced Huntington's disease rat model. in vitro co-culture of the neural stem cells with the mixture of primary neurons and astrocytes promoted the maturation and the synapse formation of neuronal progenies of neural stem cells. Following the implantation, the neural stem cells survived, differentiated, and migrated in the damaged striatum region, exhibiting immunoreactivities against nestin, Tuj-1, GFAP, GAD67 and synapsin 1 to a varying degree. These data provide clear evidence supporting that the neural stem cells isolated from the rat embryo and maintained in the primary culture have a multiple capacity to differentiate into neurons or glial cells both in vitro and in vivo.
INTRODUCTION
Stem cells provide an important source of cells for implantation and gene delivery as well as a useful model to study patterns of differentiation and gene expression during the early development of the mammalian embryo. The term 'neural stem cell' is used due to the capacity to generate multiple types of different cell (multipotent) and to undergo cell divisions in which at least one of the daughter cells maintains regenerative potential (self-renewal) (McKay, 1989; Johansson et al., 1999; Taupin and Gage, 2002) . Neutral stem cells isolated from the embryonic day 14 (E14) rat embryo brain have been expanded in vitro using a serum-free defined medium (N2 medium) supplemented with cell division-stimulants such as basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF). These growth factors may act to prevent the differentiation and attachment of the cells at each passage, generating long term neural stem cell cultures (Palmer et al., 1999; Park et al., 2004) . Indeed, a population of proliferative cells is maintained in an aggregate termed "neurosphere", which consists of a heterogeneous mix of both multipotent stem cells and more restricted progenitor population (Gage, 2000; Wu et al., 2001) .
Following dissociation and plating neurospheres in the medium in which growth factors are replaced by serum, a minimum number of the stem cells start to differentiate into neurons but a greater number into astrocytes (Gage et al., 1995) . Although the mechanism by which neural stem cells are primed to differentiate into neurons or glia are poorly understood, astrocytes are known to play important roles for neuronal function and resistance to pathological condition. Moreover, it is well documented that astrocytes promote the maturation and the synapse formation of the neuronal progeny of neural stem cells (Song et al., 2002) .
Huntington disease (HD) is a degenerative brain disease characterized by abnormal movements, personality changes and progressive dementia (DiFiglia, 1990 ). In HD, there is a selective neuronal loss in restricted regions of the brain. The most marked neuropathological features are the dramatic loss of neurons and the development of astrogliosis in the striatum. In the neostriatum, the GABAergic medium-sized spiny neurons, which constitute 95% of all striatal neurons, are the most affected (Zeron, 2002) . Intrastriatal injections of QA, which is a NMDA receptor agonist and an endogenous metabolite of tryptophan, have caused striatal lesions that are vary similar to those in HD in terms of neurochemical and neuropathological features (Alexi et al., 1999; Nakao and Ithakura, 2000; McMurray, 2001) . For example, in the QA-induced striatal lesions, the levels of GABA and substance P, both of which are localized in the medium-sized spiny neurons, are reduced, and the content of somatostatin present in the medium-size aspiny neurons is preserved (Beal et al., 1991) .
Injection of neural stem cells into the damaged rat striatum could cure HD if the injected cells survive the dissociation/transplantation and differentiate in the brain (Svendsen, 1996; Armstrong et al., 2000; Bjorklund and Lindvall, 2000) . In this context, neural stem cells were isolate from rat embryos, expand in culture, pre-labeled fluorescently with Orange Tracker, and transplanted into the striatum of the HD rat. Our results showed that the implanted neural stem cells survived, migrated, and differentiated into both neuronal and glial phenotypes, filling in the damaged striatum region as evidenced by Orange Tracker incorporation and morphological differentiation.
MATERIALS AND METHODS

Generation and in vitro culture of rat neural stem cells
Rat neural stem cells were isolated from the embryonic day 14 Sprague-Dawley (SD) rat brain. Forebrain and midbrain tissue was surgically removed from the brain, transferred to ice-cold PBS, minced with scissors, and enzymatically dissociated in 100 ng/ml DNase1 (Sigma, St Louis, MO) and 1μl/ml 2.5% trypsin (Gibco-BRL, Grand Island, NY) in PBS at 37°C for 30 min. The cells were spun down at 250 g for 7 min, and the pellet was resuspended in 10 ml of the culture medium consisting of 10 ng/ml epidermal growth factor (EGF, Gibco-BRL), 5 ng/ml fibroblast growth factor-2 (FGF-2 or bFGF, Gibco-BRL), 100μl N2 supplement (×100, Gibco-BRL), 100 U/ml penicillin (Gibco-BRL), and 100 μg/ml streptomycin (Gibco-BRL) in DMEM medium (Gibco-BRL).
Isolated neural stem cells were maintained as free-floating cluster, also termed neurospheres, in the serum-free medium for up to 15 days with the growth factors replaced every 3∼4 days. The spheres were passaged by mechanical dissociation every 15 days and reseeded as single cells at a density of ∼100,000 cells/ml (Fricker et al., 1999) .
Cultures of the neural stem cells conditioned by astrocytes
Primary astrocytes were isolated from the cerebral cortices of postnatal day 0 (P0) SD rat as described elsewhere (Guilian and Baker, 1986) . Briefly, the cortices were triturated into single cells in MEM containing 10% FBS, 21 mM glucose, 26.5 mM bicarbonate, and 2 mM L-glutamine and plated into 75 cm 2 T-flasks (0.5 hemisphere/flask) for 2 weeks. To obtain a pure fraction of astrocytes, microglia was detached by mild shaking and the resulting cells were treated with 0.1% trypsin for 10 min before harvest. Astrocytes were plated in 24-well plate and cultured in MEM supplemented with 5% FBS. For co-culture of astrocyte and stem cells, conditioned media of the primary astrocytes was added to the differentiation media in which the stem cells were plated on a coated substrate.
Immunocytochemistry of cells in neurospheres
Neural stem cells grown on poly-L-lysine-coated Aclar plastic coverslips (NUNC, Denmark) were rinsed several times in PBS and fixed in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for 10 min. The cells were permeabilized with 0.2% Triton X-100 in PBS containing 1% bovine serum albumin for l hr and then incubated overnight at room temperature with primary antibodies. The primary antibodies used were against mouse nestin (1：1,500, Chemicon) for neural stem cells, mouse β-tubulin III (Tuj-1) (1：800, Chemicon, Temicula, CA) for immature neurons; mouse vimentin for immature neurons (1：1,000, Chemicon); rabbit glial fibrillary acidic protein (GFAP) (1：1,000, Chemicon) for astrocytes; mouse NeuN for neuronal nuclear protein (1：1,000, Chemicon); rabbit neurofilament 150 kD (NF-M) (1：400, Chemicon) for immature and mature neuron; mouse glutamate decarboxylase 67 (GAD 67 , 1：1,000, Chemicon) for GABAergic neurons; mouse NMDAR-1 (1：1,000, Chemicon) for glutamate receptor; mouse calbindin (1： 1,000, Chemicon) for Ca 2＋ binding proteins. The mixtures were rinsed three times and then incubated with FITC-labeled anti-mouse IgG (1：200, Vector Lab, Burlingame, CA) or Texas Red-labeled anti-rabbit IgG (1：200, Vector Lab) for 80 min at room temperature. When necessary, cell cultures after rinsed in PBS were incubated with DAPI for 10 min at room temperature. After washing in PB, coverslips were mounted onto glass slides using Vectashield mounting medium (Vector Lab). Stained cells were viewed using an Olympus IX71 confocal laser scanning microscope (Olympus, Tokyo, Japan) . To analyze the localization of different antigens in double-staining, immunofluoresence images were created from the same cell and merged using the interactive software.
Generation of HD animal model
Sprague-Dawley rats were anesthetized with chloral hydrate (400 mg/kg, intra peritoneal injection) and received administration of QA (60 nM or 120 nM, Sigma) into the right striatum at the coordinates of AP ＋0.7 mm, ML −2.8 mm, DV −5.0 mm from bregma unilaterally with a stereotaxic apparatus (David Kopf Instruments, Tujunga, CA) as described elsewhere (Paxinos and Watson, 1997) . QA was injected at a rate of 0.2 μl/min with a 26-guage Hamilton syringe attached to a automated microinjector (Buwon, Seoul, S. Korea).
Transplantation procedure
Neural stem cells were implanted into the rat striatum 1 week after the QA treatment. The animals were anesthetized with chloral hydrate and positioned in a stereotaxic apparatus. The cells were transplanted unilaterally into the QA-lesioned striatum at the following three coordinates: AP ＋1.7 mm, ML −2.1 mm, DV −5.0 mm and −4.0 mm; AP ＋1.2 mm, ML −3.1 mm, DV −5.0 mm and − 4.0 mm; AP ＋0.7 mm, ML −2.1 mm, DV −5.0 mm and −4.0 mm (Paxinos and Watson, 1997) . Following trituration into single cells, the neural stem cell was pre-labeled with 5 μM Cell Tracker Orange (CTO, Molecular Probes, Eugene, OR) in N2 medium for 30 min and then rinsed and incubated in fresh medium (N2 medium) for 30 min before injection. Neural stem cells were suspended at 1×10 5 cell/ml in N2 media and maintained on ice until transplantation. The cells were implanted at each injection site using a 26-guage Hamilton syringe attached to an automated microinjector (Buwon).
Histology and immunohistochemistry of the rat brain
One or two weeks following grafting, animals were transcardially perfused with saline solution containing 0.5% sodium nitrate and heparin (10 U/ ml), followed by 4% paraformaldehyde dissolved in 0.1 M phosphate buffer, pH 7.4. Brains were removed from the cranium and post-fixed for 1 hr, washed in 0.1 M phosphate buffer and then immersed in 30% sucrose solution until they sank. Tissues were sectioned in a sliding microtome at a thickness of 40 μm, and every sixth serial section was selected and processed for immunostaining.
One series was mounted in gelatinized slides, stained for cresol violet, dehydrated, and mounted in DPX. Another series of sections were incubated in 0.2% Triton X-100 for 30 min, rinsed two twice with PBS plus 0.5% bovine serum albumin (BSA) and than incubated overnight at room temperature with the appropriate primary antibodies. The primary antibodies used were against mouse NeuN (1： 500, Chemicon) for neuron. At the following day, brain sections were rinsed with PBS＋0.5% BSA, incubated with appropriate biotinylated secondary antibody followed by avidin-biotin complex formation (Elite Kit, Vector Lab). The immunoreactivities were visualized by 3,3'-diaminobenzidine (DAB) reaction. Immunostained cells were analyzed under bright field microscopy.
Immunofluorescence double-labeling
Another series of brain sections were incubated in 0.2% Triton X-100 for 30 min, rinsed two times in PBS＋0.5% BSA and then incubated for 8 hr at room temperature with the appropriate primary antibodies. The primary antibodies used were against mouse nestin (1：1,500, Chemicon) for immature cell; mouse Tuj-1 (1：800, Chemicon) for neuron, rabbit GFAP (1：500, Chemicon) for astrocytes, or mouse glutamate decarboxylase 67 (GAD 67 , 1：1,000, Chemicon) for GABAergic neurons, or rabbit synapsin-1 (1：600, Chemicon) for neuron specific phosphoprotein associated with synaptic vesicle. In the following day, the brain sections were rinsed and than incubated with FITC-conjugated anti-mouse IgG (1：200, Vector Lab) or FITC-conjugated anti-rabbit IgG (1：200, Vector Lab) for 1 hr at room temperature, washed in PBS, incubated with DAPI for 10 min at room temperature, and mounted with Vectashield mounting medium. Stained tissues were viewed using an Olympus IX71 confocal laser scanning microscope. To analyze the localization of different antigens in double-stained sample, immunofluoresence images were created from the same tissue and merged using interactive software.
Reverse transcription-PCR analysis
Total RNA was isolated from cells in neurosphere in culture for 7 days using Trizol Reagent (Gibco-BRL). For reverse transcription, 200 ng of total RNA in a final volume of 20 μl containing the reverse transcription-PreMix (Bioneer, Daejon, S. Korea) were mixed with random hexamer and oligo (dT) primers. The reaction was carried out at 42°C for 60 min, and then at 92°C for 5 min. PCR amplification was carried out in a PCR-PreMix (Bioneer) containing 1 U Tag DNA polymerase, 0. 25 mM of each dNTP, 10 nM Tris-HCl, 40 mM KCl, 1.5 mM MgCl 2 , stabilizer, and tracking dye. The PCR cycling profile was as follows: 94°C for 3 min, 25∼35 cycles of 94°C for 45 sec, 52∼62°C for 30 sec, 72°C for 30 sec, and a final extension at 72°C for 5 min in a thermal cycler (GeneAmp PCR system 2000, Applied Biosys, Foster City, CA). Products were separated on 1.5% agarose gels and visualized by the ethidium bromide staining. Primer sequences (F: forward, R: reverse), length of amplified products and annealing temperatures were as follows: β-actin (F: 5´-gagcatcctgaccctgaagtac-3´; R: 5´-tagatgggcacagtgtgggt-3´; 312 bp, 54°C, 25 cycles), Tuj-1 (F: 5´-cgcaagctagctgtcaacatgg-3´; R: 5´-taccttga c gttgt tggggatcc-3´; 303 bp, 55°C, 35 cycles), GFAP (F: 5´-ggaagatccatgaggaggaa-3´; R: 5´-agcaa cgtctgtg ag gtc tg-3´; 203 bp, 52°C, 33 cycles), voltage gated sodium channel (VGSC) (F: 5´-aagtcctgg cccacactgaa-3´; R: 5´acacagcactcggaacacga-3´; 234 bp, 53.5°C, 33 cycles), glutamate decarboxylase 67 (GAD 67 ) (F: 5´-aa ttcctcctggaagtggtg-3´; R: 5´-gtattg gccgttgatgtcag -3´; 289 bp, 52°C, 35 cycles), calcium binding protein calbindin (F: 5´-tgacagagatggcca ggtta-3´; R: 5´-ccccagca gagagaataagg-3´; 288 bp, 53°C, 35 cycles).
RESULTS
Isolation and culture of neural stem cells
Tissues from the E14 rat embryo brain were mechanically dissociated and cultured in a serumfree N2 media supplemented with epidermal growth factor (EGF, 10 ng/ml) and fibroblast growth factor-2 (FGF-2, 5 ng/ml). The majority of cells died but some cells survived, giving rise to a free floating spherical aggregate termed "neurosphere" (Fig. 1) . This neurosphere continued to expand over several weeks. For passage, the neurosphere cells were mechanically dissociated into single cells and replated in a fresh medium. The majority of neurosphere cells were nestin-positive, indicating the ge- Fig. 1 . Low power photomicrographs of rat embryo-derived neurospheres in culture. Neurosphere formation in a chemically defined medium supplemented with FGF-2 and EGF was induced from dissociated E14 embryonic rat cortex tissues as described in Materials and Methods. Cell aggregates of neurosphere morphology was viewed at different times post-seeding: immediately (A), 24 hr (B), 48 hr (C), and 1 week after seeding (D). Scale bar, 1,000 μm for (A∼D). Fig. 2 . Multipotency of neural stem/progenitor cells grown in neurospheres. Neurospheres, maintained in culture in the presence of FGF-2 and EGF, were plated onto poly-L-lysine-coated coverslips in the serum-containing medium to initiate neural differentiation. The phenotypes of differentiated cells were determined by immunoreaction with cell type-specific antibodies on day 3 after plating, followed by fluorescent labeling with FITC-conjugated or Texas Red-conjugated secondary antibodies as indicated and viewed in confocal microscopy. The confocal images are seen at increasing order of magnification, from left to right, in such a way that insets in (A) and (D) are shown at higher magnification in (B) and (E), respectively. Likewise, insets in (B, E, H) and (K) are shown at higher magnification in (C, F, I), and (L), respectively. Scale bar, 1,000 μm for (A, D, G) and (J); 500 μm for (B, E, H) and (K); 100 μm for (C, F, I) and (L). neration of neural stem/progenitor cells during culture (data not shown).
Differentiation of neural stem cells
For in vitro differentiation, 2 week-old neurospheres were transferred onto a poly-L-lysine-coated coverslip in N2 medium containing 10% FBS instead of EGF and FGF-2 (differentiation medium). The phenotypic expressions of neurosphere cells due to differentiation were examined 3 days after the induction of differentiation. Under the FBS serum condition, the neurosphere cells were positive either for the neuronal maker NF-M (Fig. 2A∼C) , β-tubulin III (Tuj-1, Fig. 2G∼I ), or NeuN (Fig. 2J∼L) , implying an emergence of neuronal lineage from the neural stem/progenitor cells. However, the majority of cells were nestin-positive (Fig. 2A∼F) or vimentin-positive (Fig. 2G∼L) , both of which are cellular markers for undifferentiated neural stem/ progenitor cells. A fraction of cells were also positive for the astrocyte marker GFAP (Fig. 2D∼F) , implying that the neural stem/progenitor cells in a neurosphere give rise to a mixed population of neurons and glial cells.
Astrocyte conditioned medium helps promote the neuronal maturation in neurospheres
It is well established that the presence of astrocytes promotes the neuronal differentiation of neural stem/progenitor cells (Song et al., 2002) . To test this possibility further, neurospheres were plated onto a poly-L-lysine-coated substrate in a differentiation medium conditioned by the primary astrocytes derived from neonatal rat cortices as described in Materials and Methods. The phenotypic expression of neurosphere cells was examined immunocytochemically 3, 7 and 14 days postdifferentiation. Immunocytochemical analysis performed with an early or late passage of culture revealed a similar pattern of staining (data not shown). In response to differentiation cues in the differentiation medium, Fig. 3 . Effects of the conditioned media from the rat primary astrocyte culture on the differentiation of neural stem/progenitor cells grown in neurospheres. Neurospheres, after maintained in the presence of FGF-2 and EGF for 2 weeks, were then transferred onto poly-L-lysine-coated coverslips in the serum-containing medium with or without addition of conditioned media of rat primary astrocyte cultures prior to initiation of neural differentiation. The phenotypes of differentiated cells were determined by immunostaining with cell-type-specific antibodies on day 3, 7, and 14 after initiation. (A∼F), cells were immunostained for Tuj-1 or for GFAF; (G∼L), cells were immunostained for NMDAR1 or for NF-M; (M∼R), cells were immunostained for GAD67; (S∼X), cells were immunostained for calbindin. Nuclei were counterstained with DAPI in (A∼X). Scale bar, 100 μm. Tuj-1 expression was increased over time with increasing numbers of Tuj-1 positive cells seen at day 14 compared to at day 3 (Fig. 3A∼C) . Addition of the rat astrocyte conditioned medium seemed to further increase the fraction of Tuj-1 positive cells while little effect on GFAP positive cells (Fig. 3A∼  F) . Neurosphere cells were positive for neuron marker NMDAR1 or NF-M but to a lesser extent than for Tuj-1 (Fig. 3G∼I) . And the addition of the astrocyte conditioned medium seemingly increased the faction of NF-M positive cells (Fig. 3G∼L) . Expression of GAD 67 or calbindin also seemed to be increased by the presence of astrocytes (Fig.  3M∼X ).
Huntington's disease animal model generated by the QA injection into the striatum of the SD rat We injected quinolinic acid stereotaxically into the striatum of a SD rat brain. In uninjected or PBSinjected control striatum, there was no marked lesion due to neuronal loss or atrophy. In the QAinjected striatum, however, gliosis developed over time (arrow heads) (Fig. 4A, B) . Immunohistochemical analyses using antibodies against the terminally differentiated neuronal marker NeuN revealed a significant loss of neuron in the QA-injected striatum as compared with corresponding contralateral controls (Fig. 4C, D) . To verify the concentration-dependent excitotoxicity of QA, 60 or 120 nM QA were injected in parallel experiments. Our results indicated that 120 nM QA resulted in more marked decrease in NeuN immunoreactivity (Fig.  4D) , implying that the QA-induced neuronal loss is specific and concentration-dependent. Furthermore, the 7-day lesion resulted in loss of neurons as much as that of 2-week (Fig. 4D) . Therefore, from that point, the HD rat model was constructed with the 7 day-old rats following 120 nM QA injection.
HD rat was sacrificed one week after the QA injection, and the brain was removed, and coronal section was made. A section obtained after sixth serial section from the top was selected for staining for GABAergic neuron marker GAD 67 and mature neuronal marker calbindin. The QA-lesioned rat exhibited a significant decrease in GAD 67 and calbindin immunoreactivity (Fig. 5B, D, F, H) as compared to corresponding contralateral control rat in Fig. 6 . Low magnification images of striatal sections after implanting of neural stem/progenitor cells into the QA-induced lesion. Immature, neural stem/progenitor cells were prepared by triturations of neurospheres, as described in Materials and Methods, fluorescently pre-labeled with Cell Tracker Orange, and stereotaxically injected into the QA-induced lesion in the striatum. Coronal sections were generated through the striatum as described in Materials and Methods. The camera lucida drawing in the left panel shows that CTO-labeled grafted cells are found clustered in the injection site on day 7 after transplantation; A low power fluorescence microscopy of the ipsilateral striatum reveals the same results. On day 14 after transplantation, the grafted cells were double-labeled with immunostaining for nestin, Tuj-1, GFAP, GAD67, or synapsin-1 to verify the neuronal differentiation. CTO alone (A, D, G, J, M), double-labeling (B, E, H, K, N), and combined CTO and double labeling (C, F, I, L, O). Insets in (E, G) and (M) show cells in DAPI staining. Scale bars, 50 μm.
keeping with many previous reports that mid-sized spiny GABAergic neurons are mostly affected by the QA injection in the striatum (Beal et al., 1991) . Also shown is the increase in GFAP immunoreactivity, reflecting the emergence of gliosis (Fig. 5J,  M) .
Survival and differentiation of transplanted neural stem cells in the QA-induced lesion
Rat embryo-derived neural stem/progenitor cells maintained in vitro in a defined medium supplemented with EGF and FGF-2 were injected into the lesioned striatum area. To facilitate in vivo identification, neural stem/progenitor cells were labeled with Cell Tracker Orange prior to transplantation. Rats implanted with 1×10 5 cultured cells/rat were sacrificed 1, and 2 weeks postimplantation and assessed for graft cell survival and differentiation.
One week after grafting, the majority of transplanted cells were found mainly near the implantation site (data not shown). Migration and integration were seen as early as 2 weeks postimplantation (Fig. 6 ) Immunohistochemical analyses exhibited that the majority of the grafted cells remained undifferentiated in vivo, as demonstrated by expression of immature cell marker nestin (Fig. 6A∼C) . However, a small but consistent number of grafted cells expressed Tuj-1, GAD 67 or synapsin-1, markers typically considered to be indicative of a neuronal phenotype (Fig. 6D∼F, J∼O) . A greater number of the grafted cells expressed astrocyte marker GFAP (Fig. 6G∼I) . These results indicate that the embryo-derived neural stem/progenitor cells retain multipotency to differentiate into neurons and glia in vivo in response to differentiation cues from the host brain. Neural differentiation was initiated by the addition of the astrocyte conditioned media to the neurospheres grown attached onto poly-L-lysine-coated coverslips in the serum-containing medium, and on day 7 post-differentiation, the expression levels of mRNAs of Tuj-1, GFAP, VGSC, GAD67, and calbindin were analyzed. β-actin was used as a control. The expected sizes of mRNAs were: Tuj-1, 303 bp; GFAF, 203 bp; VGSC 234 bp; GAD67 289 bp; calbindin 288 bp; β-actin, 312 bp. The size markers are indicated in arrows on the right.
Neural gene expression in neurosphere cells
To confirm the validity of immunocytochemical staining for cellular marker expressions, RT-PCR analysis of the cellular markers were performed. Neurospheres were dissociated by trituration, plated on poly-L-lysine-coated substrates, and cultured in a medium supplemented with 10% FBS plus conditioned media of the rat primary astrocytes for 7 days. The mRNA expression levels of the typical cellular markers in the 7 day-old neurosphere cells were determined by RT-PCR. High level expression of mRNAs of neuronal cell markers such as Tuj-1, voltage gated sodium channel (VGSC), and calcium binding protein calbindin as well as astrocyte marker GFAP were all observed in neurosphere cells, in keeping with the immunocytochemical analysis (Fig. 7) . The expression level of glutamate decarboxylase marker GAD 67 was about 5-fold lower.
DISCUSSION
Our studies demonstrate that neural stem/progenitor cells can be isolated from the rat embryo cortices and cultured for serial passage in vitro in a defined medium supplemented with EGF and FGF-2. Further, the neural/stem progenitor cells maintain the potential to give rise to neurons and glia upon transferring to the serum-containing media in vitro or upon grafting into the rat brain in vivo, as evidenced by the differentiated markers Tuj-1 and GFAP. The differentiation into neuronal lineage of the neural stem/progenitor cells in vitro is greatly enhanced by adding rat astrocyte-conditioned media. These findings provide a way to increase the fraction of neuronal generation from the neural stem/progenitor cells in vitro.
Our results are consistent with observation that neural progenitor cells could be isolated from the adult rat brain and maintained in vitro in a defined serum free medium supplemented with bFGF and EGF (Feldman et al., 1996; Johansson et al., 1999; Caldwell et al., 2001; Wu et al., 2001) . Neurospheres appear to be a mixture of undifferentiated stem/progenitor cells and more differentiated cells with neuronal and glial phenotype. The neurosphere cells expressed Tuj-1, NF-M, and NMDAR-1, markers typically considered to be indicative of a neuronal phenotype. Our results are also consistent with the view that the overlap of glial and neuronal markers in the same cells may represent a multipotent progenitor population not yet committed to a specific neural fate as suggested elsewhere (Gage et al., 1995) .
The ideal type of cells for CNS transplantation will be an expendable population of cells which can differentiate into appropriate phenotypes in response to local cues. The striatum has been known to be one of the nonneurogenic brain regions (Fricker et al., 1999) . As such, it is highly expected that very limited neurogenesis occurs following neural stem/progenitor cell implantations. Our in vivo transplantation data are consistent with this inference in that a very small number of immature neurons were differentiated from the grafted neural stem cells even 2 weeks after grafting into striatum. Therefore, for the therapeutic purpose, in vitro priming of neural stem/progenitor cells are needed to increase the likelihood of neuronal differentiation prior to implantation.
Our in vitro results reveal that the astrocyte coculture may prime neural stem cells evenly toward a plastic intermediate stage since a large number of cells still remain Tuj-1 positive. A very few of Tuj-1 positive cells then differentiate into mature neurons under our in vitro differentiation condition within 14 days. Consistent with our present findings, previous reports suggest that the astrocyte media and adhesive culture of neural stem cells in the priming procedure is responsible for the generation of a large number of neuron from neural stem cells in a relatively short period of time (from 3 days to 14 days) (Reilly, 2002; Song et al., 2002) .
